the influence of CS on neonatal mortality in the introduction. 7. In figure 1, 19% of the women delivered by CS, 81.0% delivered vaginally and of these, 1.6% had assisted vaginal delivery, In figure 3, four women delivering by CS died -2 due to hemorrhage (stroke -1, hemorrhage unspecified-1), how many patients in all? Can the sample size be larger? which adds a bias to the study design. 8. The results are inexplicable, it is right? Women delivering vaginally were more likely to be anemic and deliver prematurely. I don"t think so. 9.The study needs a flow diagram showing how many parturients were assessed for eligibility, how many were excluded? 10. The methods section is poorly written and lack of apgar score at one or five minutes and even blood gas analysis, which is very important for your prospective study. 11. The analysis of factors associated with having a CS in the regression equation is missing. Multifactor regression analysis is needed to determine the correlation coefficient, which factor affects cesarean section rate to the maximum? Please complete the related statistical analysis. 12. The study doesn't have a clear conclusion.
REVIEWER
Bradley de Vries Royal Prince Alfred Hospital, Australia REVIEW RETURNED 27-Oct-2018
GENERAL COMMENTS
This was an observational study of caesarean section rates and their indications using prospectively collected maternity data from Aug 2009 to Jan 2014 in Eastern Maharashtra, India. I would support its publication because there are few studies showing changes in both rates and indications for caesarean section over time, particularly in low income countries. Although the period of the study was only 4 years, there was a substantial increase in the rate of caesarean section. This type of data is needed to inform strategies for reducing caesarean section rates in the future. The stated aim of the study was to evaluate trends in CS rates, assess characteristics of women with CS v vaginal birth, and evaluate the impact of CS on perinatal mortality.
The authors had a fixed sample size and report >80% power for detecting a 20% relative reduction in neonatal mortality from about 4% for women undergoing caesarean section compared with normal vaginal birth. This power calculation appears to be correct.
In addition to describing trends in caesarean section rates, the authors used regression models to assess the impact of factors such as maternal age and BMI on the relative risk of caesarean section. This analysis could be expanded to assess the impact of time on the caesarean section rate.
The results of the multivariable analysis are not particularly original or unexpected. For example, it is well known that maternal BMI and age are associated with higher risk of caesarean section. If the authors were to include time (eg year of birth), private v public health care (if available), and previous caesarean section (eg classify parity into 3 groups: (1) nulliparous; (2) parous/no previous caesarean section; and (3) ≥ 1 previous caesarean section), then inferences could be made about how much of the increase in the caesarean section rate is being driven by changes in parity, previous caesarean section, maternal demographics, and ?private health care, by looking at the RRs for CS for different time periods after adjusting for all the other factors. This is just a suggestion but may add value to the paper.
Can the authors report on changes in primary caesarean section rates over the 4 years, and changes in the proportions due to each indication (eg expand on Figure 3 to show changes in CS rates for each indication over time)? Also just a suggestion, but could help make inferences about possible drivers of the increasing CS rate.
Differences in stillbirth and neonatal death between CS v vaginal birth were examined using a chi squared test. Did the authors consider performing a logistic regression adjusting for factors such as maternal age, BMI, parity, and other factors in Table 1 , to further assess the potential independent impact of CS on these outcomes (or on overall perinatal mortality)?
The authors state: "The MNHR at Nagpur, India was reviewed and approved by the Lata Medical Research Foundation Institutional Review Board (FWA00012971) and the Partners Human Research Committee and Boston University Medical Campus IRB in Boston, MA." I presume this constitutes study approval by an ethics review committee. Can the authors please confirm ethics approval was obtained for this study?
The authors state: "Pregnant women intending to deliver in the study communities or affiliated hospitals were informed about the study and invited to participate in the MNHR and enrolled if they provided a written consent for trial participation." I think this means that there were women who declined to participate in the MNHR. Can the authors clarify this was the case, add the numbers of women who declined to participate to the flow chart? (Figure 1) There could be more discussion about the observation that CS was associated with lower rates of perinatal mortality eg how would the authors explain this finding? Was it related to the finding that no recorded fetal heart rate monitoring was associated with vaginal birth (eg did no monitoring lead to recognition of fetal compromise in labour and caesarean section)? Page 12 line 38: suggest replacing the word "retardation" with another term eg "restriction"
Page 13 line 13: the authors comment that CS remains indicated for hypertension/eclampsia. Is this common practice in the region? I can understand the need for CS in some cases of severe preeclampsia/eclampsia, but is induction of labour ever considered? (eg hypitat trial)
The paper may benefit from a conclusion at the end of the discussion. In view that this study constitutes a baseline study to review a new national policy which will be implemented at facility level I would recommend to add on the health facility instrastructure in the study area, eg number of public/private maternities/hospitals, etc.
REVIEWER
Results: I"m not sure I can follow the statement of more CS if there were more deliveries in that month. The figure 2 only presents counts but no rates why I think the statement could be misleading.
I"m not sure whether figure 3 is the best way to present the data. If you want to use a graphic I would suggest to include the full description in the figure but not as a legend as this makes it complicated to read. Could one CS have several indications? The mortality information come as a surprise. The information on stillbirth and the higher mortality were also not sufficiently introduced in the method section. I would recommend to make a stratified analysis by gestational age as otherwise the findings could be misinterpreted. I assume that the mortality rates are confounded by differences in gestational age.
Discussion: I"m not sure about the statement that CS is safer for multiples. CS is indicated if the first wtin is not in cephalic position. But this was not assessed. The discussion raised the issue of fetal monitoring and CS. In view that this is probably not done at home, again, the interpretation is difficult. I probably would delete this variable from the analysis because of the correlation with home birth and because there were so few where no monitoring was done that the message is unclear.
Regarding limitations I miss that you discuss how the data were collected and how this might have introduce a reporting bias I"m not sure, but I feel a conclusion is missing? Please be consistent with decimals in table 1 Please check abbreviations throughout -and possibly reduce
VERSION 1 -AUTHOR RESPONSE
Reviewer One"s Comments:
The only thing it is lacking is a concluding comment contextualizing the findings within the larger research landscape. What should be done next? What are possible policy responses, or data gaps that need to be filled?
Authors" Response: Thank you for this suggestion. We have added a conclusion contextualizing the findings at the end of the abstract and also at the end of the discussion.
Reviewer Two"s Comments It is prospective population-based observational study? Perhaps it is a retrospective study? We can see your whole manuscript......., 19% of the women delivered by CS. Rates increased from 17.4% in 2010, to 22.7% in 2013. By the way, it isn't obvious what is the clinical importance of the present study.
Authors" Response: We have clarified that this is secondary data analysis using data from a population-based registry. The registry has prospective data collection on enrollment of the pregnant woman as early as possible in pregnancy, with additional data collection about 1 week after labor and delivery and 6 weeks after labor and delivery. We have removed the term cohort study. The clinical importance of this study is the description of the reasons for CS which are not available in DHS and other major government surveys and we have added a description of the reasons for CS by yearplease see updated figure 3.
There is no hypothesis to this analysis.
Authors" Response: We tested two hypotheses: (i) that the most likely reason for CS changed over time and (ii) that babies delivered by CS would have a lower risk of perinatal mortality. Please see Methods section page 11 in the tracked changes document, page 10 in the clean copy.
The aims and objectives are not clear.
Authors" Response: We have stated the objectives in the last paragraph of the introduction. (Please see page 7 in the tracked changes document, page 6-7 in the clean copy).
The study had no exclusion criteria which adds a bias to their study design. The inclusion and exclusion criteria needs to be described in detail.
Authors" Response: The exclusion criteria were deliberately minimal so that our data are population based. As show in Figure 1 , pregnant women were only excluded if they had a miscarriage, medical termination of pregnancy (MTP) or information on labor and delivery and birth outcomes was missing. Please see the first paragraph of our results section, page 13-14 in the tracked changes document, page 12 in the clean copy.
There is no clear description on the background information of the influence of CS on neonatal mortality in the introduction.
Authors" Response: We apologize for this admission and have included this information in the introduction -please see page 6 in the tracked changes document, page 6 in the clean copy.
In figure 1 , 19% of the women delivered by CS, 81.0% delivered vaginally and of these, 1.6% had assisted vaginal delivery, In figure 3, four women delivering by CS died -2 due to hemorrhage (stroke -1, hemorrhage unspecified-1), how many patients in all? Can the sample size be larger? which adds a bias to the study design.
Authors" Response: Unfortunately, the sample size was fixed by the timing of the specific case report forms use by NICHD's Maternal and Neonatal Health Registry. Please note that maternal mortality (4 deaths in 39,026) is too small to draw any conclusions and was not a primary purpose of this paper. We do not believe that there was any bias in our population-based registry as we followed all women and their babies for outcomes as shown in Figure 1 .
The results are inexplicable, it is right? Women delivering vaginally were more likely to be anemic and deliver prematurely. I don"t think so.
Authors" Response: We agree with the reviewers" concern. Our paper is addressing risk factors for CS so we have removed this statement from the abstract and main text -please see pages 2 and 14 in the tracked changes document, page 2 and 17 in the clean copy.
The study needs a flow diagram showing how many parturients were assessed for eligibility, how many were excluded? The methods section is poorly written and lack of apgar score at one or five minutes and even blood gas analysis, which is very important for your prospective study.
Authors" Response: We have reformatted the methods section so that it flows better and rewritten some sections to address concerns of all of the reviewers and to improve clarity. Unfortunately, this study was conducted in rural Maharashtra where blood gas analysis is almost never available and APGARS are not routinely reported in our data sources.
The analysis of factors associated with having a CS in the regression equation is missing. Multifactor regression analysis is needed to determine the correlation coefficient, which factor affects cesarean section rate to the maximum? Please complete the related statistical analysis.
Authors" Response: Our description might have been confusing and we thank the reviewer for their suggestion. However, we are interested only in whether the characteristics were distributed differently among women who delivered by CS or vaginally. We were not focusing on the order of the associations in any order (ascending or descending). We have shown the results from the multivariable regression models. These are labeled as Adjusted RRs with 95% Confidence Intervals which do give us an indication of the level of associations. Please see the revised table 1.
The study doesn't have a clear conclusion.
Authors" Response: We have added a conclusion as requested.
Reviewer Three"s Comments In addition to describing trends in caesarean section rates, the authors used regression models to assess the impact of factors such as maternal age and BMI on the relative risk of caesarean section. This analysis could be expanded to assess the impact of time on the caesarean section rate.
Authors" Response: Time in years (categorical and continuous) has been included in separate models and shown in Table 1 .
If the authors were to include time (eg year of birth), private v public health care (if available), and previous caesarean section (eg classify parity into 3 groups: (1) nulliparous; (2) parous/no previous caesarean section; and (3) ≥ 1 previous caesarean section), then inferences could be made about how much of the increase in the caesarean section rate is being driven by changes in parity, previous caesarean section, maternal demographics, and ?private health care, by looking at the RRs for CS for different time periods after adjusting for all the other factors. This is just a suggestion but may add value to the paper.
Authors" Response: These are good suggestions. We have included time in the model, but do not have information on public vs. private facilities. We will explore this and multi-parous status by CS in future studies. Please see updated Table 1 .
Can the authors report on changes in primary caesarean section rates over the 4 years, and changes in the proportions due to each indication (eg expand on Figure 3 to show changes in CS rates for each indication over time)? Also just a suggestion, but could help make inferences about possible drivers of the increasing CS rate. Differences in stillbirth and neonatal death between CS v vaginal birth were examined using a chi squared test. Did the authors consider performing a logistic regression adjusting for factors such as maternal age, BMI, parity, and other factors in Table 1 , to further assess the potential independent impact of CS on these outcomes (or on overall perinatal mortality)?
Authors" Response: Instead of using a chi-squared test, Poisson regression models were fit to assess the relationship of CS to perinatal mortality (stillbirths + neonatal deaths) adjusting for other characteristics. Please see updated Authors" Response: We have clarified the ethics review procedures and yes our study has been reviewed by 3 ethics boards -one in the Nagpur area of India and 2 in Boston. NIH also requires proof of local and US based ethics review before funds are provided for the research studies. Please see the revised text on page 10 in the tracked changes document, page 9 in the clean copy.
The authors state: "Pregnant women intending to deliver in the study communities or affiliated hospitals were informed about the study and invited to participate in the MNHR and enrolled if they provided a written consent for trial participation." I think this means that there were women who declined to participate in the MNHR. Can the authors clarify this was the case, add the numbers of women who declined to participate to the flow chart? (Figure 1 )
Authors" Response: We have updated Figure 1 to address the entire flow of participation in the registry and then participation in this study. Less than 0.2% of women declined to consent to participate, which we have clarified in our description of the study population, as well as Figure 1 . Please see page 11 in the tracked changes document, page 10 in the clean copy.
There could be more discussion about the observation that CS was associated with lower rates of perinatal mortality eg how would the authors explain this finding? Was it related to the finding that no recorded fetal heart rate monitoring was associated with vaginal birth (eg did no monitoring lead to recognition of fetal compromise in labour and caesarean section)?
Authors" Response: We are concerned about the accuracy of this variable since some babies were born at home, and so missing and therefore had "no fetal heart rate" but this could not have been measured. For this reason we removed the variable from the model. This was also suggested by reviewer 5.
Table 1 -could the authors make it clearer that the outcome is CS, and make it clearer which variables were in the model(s) eg footnote b could list all variables adjusted for (even if there was only one model and the variables are the same as those listed in the 1st column of the table)
Authors" Response: We thank the reviewer for this suggesting and have completely revised Table 1 as suggested.
Page 12 Line 15: the authors comment that the rising caesarean section rate in primigravidae has been attributed to a higher risk of an underdeveloped pelvic outlet -to my knowledge there is no evidence of this. Can the authors support this statement?
Authors" Response: We agree and have removed this comment -please see page 20 in the tracked changes document.
Page 12 line 26: the authors state: "CS are considered safer than vaginal deliveries for women with multiple gestations due to an increased risk of gestational hypertension or preeclampsia, preterm birth, low birth weight, perinatal death, low 5-min Apgar score, neonatal seizures, and respiratory morbidity." The reference provided is a randomised trial which found no benefit for planned CS for twin gestation. Many of the factors in the list would not be prevented by caesarean section (eg preterm birth, respiratory morbidity) or could be addressed by induction of labour (eg gestational hypertension, preeclampsia). In my experience, other factors also play a role in deciding for a caesarean section eg risks of breech birth for the leading twin, or risks of acute twin-twin transfusion syndrome in labour for monochorionic twins. Suggest the authors reconsider/revise this sentence.
Authors" Response: We thank the reviewer for this important comment and have reconsidered the way we discuss reasons for CS in our study. Unfortunately, we only had information on the single most likely reason for CS (now added as a limitation) and since many indications for CS include presence of more than 1 complication and obstetric factors that may not be known in our rural setting, we have completely revised this section of the discussion. Please see page 20 in the tracked changes document.
Page 12 line 38: suggest replacing the word "retardation" with another term eg "restriction"
Authors" Response: Thank you for this suggestion. We have made this correction.
Authors" Response: Please see our response to the comment above as we have completely revised this section in the discussion. Hypertension/preeclampsia/eclampsia alone is not usually an indication for CS unless other pregnancy complications are present, which we could not assess due to collecting data on the single most likely reason for CS.
The paper may benefit from a conclusion at the end of the discussion. Reviewer Four"s Comments Design effect should consider during sample size calculation.
Authors" Response: This is a secondary data analysis of data from the MNH Registry and on reflection, we do not think that the sample size calculation is as meaningful for this study. There was no complex sampling of patients so there is no design effect to consider. However, we adjusted for clustering of patients by primary health center in the analysis as described in the methods section.
Perinatal mortality is not defined well, I didn't see this outcome together: stillbirth and early neonatal death.
Authors" Response: We apologize that this was inadvertently omitted and is now included -please see page 9 in the tracked changes document and page 9 in the clean copy.
Figures are too small to read Authors" Response: We have redone all the figures to address this problem.
Reviewer Five"s Comments It would be important to spell out how this publication is different from what was earlier published by the Global Network.
Authors" Response: We have added a statement at the end of the Introduction section (see page 7 in the tracked changes document and page 7 in the clean copy) stating that the analysis of reasons for CS over time is what makes this paper different from the previous GN publication.
You describe well the data collection platform. I only wonder if you could add how the data collection instruments were administered. You included many clinical variables and it remains unclear how well they can be obtained at community level.
Authors" Response: We have added the following information to the methods. The sources of information for the MNHR data were from interviews with the mothers done by village Accredited Social Health Workers trained to ask and record the information on the data collection forms as well as medical information from multiple sources completed by medical officers at the Primary Health Centers involved in the MNHR. The medical officers were trained on how to complete the study forms and attended monthly group meetings to review study progress and data collection procedures throughout the Registry data collection period. Sources of information used by the medical officers included records of antenatal and postnatal care and deliveries done in the PHC or its sub-centers as well as other facility discharge summaries given to the woman and the medical officer, which included the single most important reason for CS when the woman had delivered by CS. Please see page 8-9 in the tracked changes document, page 7-8 in the clean copy.
In view that this study constitutes a baseline study to review a new national policy which will be implemented at facility level I would recommend to add on the health facility instrastructure in the study area, eg number of public/private maternities/hospitals, etc.
Authors" Response: This is a good suggestion and we have already started collecting this information. Unfortunately, we cannot account for it in this analysis.
I"m not sure I can follow the statement of more CS if there were more deliveries in that month. The figure 2 only presents counts but no rates why I think the statement could be misleading.
Authors" Response: We agree and have fixed this by reporting the proportions instead of the numbers and have aggregated the data by year, stratified by parity and maternal age.
I"m not sure whether figure 3 is the best way to present the data. If you want to use a graphic I would suggest to include the full description in the figure but not as a legend as this makes it complicated to read. Could one CS have several indications?
Authors" Response: We agree and have modified the figure and updated the methods to indicate that only one main reason was reported. (See page 9 in the tracked changes document, page 8 in the clean copy).
The mortality information come as a surprise. The information on stillbirth and the higher mortality were also not sufficiently introduced in the method section. I would recommend to make a stratified analysis by gestational age as otherwise the findings could be misinterpreted. I assume that the mortality rates are confounded by differences in gestational age.
Authors" Response: Thank you for this comment. We have adjusted for term and preterm in the model as shown in Table 2 , but our sample size is too small to do a complete separate stratified analyses. multiparous). My understanding is, that if interaction is present, the options might be (1) perform 2 separate regressions eg one for age < 25 and one for age > 25; or (2) use a combined variable like "Mother"s age (years)/parity" and omit age and parity from the models altogether. I think the authors have selected option (2) which seems reasonable, but I"m having trouble understanding why there are no RR"s for the middle two categories of "Mother"s age (years)/parity". Of course, if the interaction terms are not statistically significant, then the authors could just have age and parity in the model separately. I still feel that dividing parity into 3 groups instead of 2 (nulliparous, parous no previous CS, parous with previous CS) would be useful (because I expect women with a previous CS to be much more likely than other parous women to have a CS in the current pregnancy), but I guess there might be too many groups in the variable "Mother"s age (years)/parity" to do this.
Minor points: Figure 1 in the box "had a caesarean section" 19.6% instead of 19.5%? (and 80.4% in the adjacent box?) Figure 3 could be difficult to interpret because the overall CS rate increased over the 4 years. Consider % of all births on the vertical axis instead of % of CSs? Then when comparing (say) obstructed/prolonged labour for nulliparous, 25+ years, the changes from year to year will be directly comparable (eg it may be more useful to know that CS for obstructed/prolonged labour increased from approx. 15% to 28% of all births rather than 48% to 63% of all CSs). Could consider reporting on adjusted RRs in the abstract Note these are just suggestions.
I congratulate the authors on their excellent work and wish them the best of luck with their publication. I am happy to review the paper again if needed but it may not be necessary.
VERSION 2 -AUTHOR RESPONSE

Comment from Reviewer 3
The authors have made major changes to their manuscript and I agree with the authors that the manuscript has been markedly improved.
All of my comments have been diligently addressed but I have one remaining query. Note I am primarily a clinician and have had some experience with logistic regression but very limited experience with Poisson regression. I"m happy for my comments below to be corrected/commented on by a statistician.
The modeling for logistic and Poisson regression is similar. The difference is that the outcome in the logistic regression is binary while in a Poisson regression it is a count (in this study it was the number of C-sections). The following statement has been added in the Conclusions section on page 19: "Although we did not find any new characteristics of the pregnant women associated with CS, we found an interaction between parity and maternal age: the highest rates of CS were in nulliparous women aged 25 and over."
I notice that maternal age (categorised), parity (categorised), and third variable (a combination of age and parity) are included in Table 1 . However, in the regressions, no RR (or AR) is reported for age or parity, and is only reported for the single group "25+ years, nulliparous". I"m assuming that age and parity were omitted from these models which makes sense. However, I don"t understand why the variable "Mother"s age (years)/parity" does not contain RR"s/AR"s for the middle two categories (<25, nulliparous and 25+, multiparous).
My understanding is, that if interaction is present, the options might be (1) perform 2 separate regressions eg one for age < 25 and one for age > 25; or (2) use a combined variable like "Mother"s age (years)/parity" and omit age and parity from the models altogether. I think the authors have selected option (2) which seems reasonable, but I"m having trouble understanding why there are no RR"s for the middle two categories of "Mother"s age (years)/parity".
Response: Usually, main effects are also included in a model that has an interaction variable. When an interaction is significant one can fit 2 separate models or report results from the model that includes the main effects and the interaction term. When we have 2 variables that have 2 levels then we have 4 categories for the interaction term. In our case, Age has 2 levels: <=25 (0) and >25(1); Parity has 2 levels: Primigravida (1) and Multigravida (0); the interaction has 4 levels: <=25,Primi ; <=25, Multi ; >25, Primi and >25, Multi. Mathematically, the groups will be 0*1=-, 0*0=0; 1*1=1 and 1*0=0. So, we only obtain the RR for the group where neither of the terms is a reference term for the main effects.
Of course, if the interaction terms are not statistically significant, then the authors could just have age and parity in the model separately.
I still feel that dividing parity into 3 groups instead of 2 (nulliparous, parous no previous CS, parous with previous CS) would be useful (because I expect women with a previous CS to be much more likely than other parous women to have a CS in the current pregnancy), but I guess there might be too many groups in the variable "Mother"s age (years)/parity" to do this.
Response: Thank you for bringing up this point. We agree with your reasoning and would explore it in the future.
Minor points:
Figure 1 in the box "had a caesarean section" 19.6% instead of 19.5%? (and 80.4% in the adjacent box?)
Response: Thank you for pointing this out, we have updated the percentages in Figure 1 .
Figure 3 could be difficult to interpret because the overall CS rate increased over the 4 years. Consider % of all births on the vertical axis instead of % of CSs? Then when comparing (say) obstructed/prolonged labour for nulliparous, 25+ years, the changes from year to year will be directly comparable (eg it may be more useful to know that CS for obstructed/prolonged labour increased from approx. 15% to 28% of all births rather than 48% to 63% of all CSs).
Response: We thank the reviewer for this suggestion but have not changed the figure for the following reason. We only collected this information on women who had a CS and therefore might be missing data from a proportion of all births. For example, there could be women who delivered vaginally after a previous CS and our estimate of the proportion of all multiparous births with previous CS would be under-estimated. We will attempt to gather more data on these women in the future.
Could consider reporting on adjusted RRs in the abstract
Response: We thank the reviewer for the suggestion and have edited the abstract as requested.
